ABSTRACT Low, medium, and high stocking densities (15,000; 30,000; and 45,000 Ð50,000 bees per acre, respectively) of Megachile rotundata (F.) (Hymenoptera: Megachilidae), the alfalfa leafcutting bee, were released over 4 yr in three research plots of Utah alfalfa, Medicago sativa L. (Fabaceae), planted at seed-production rates. A low percentage of bees (46 Ð79% of released) survived the incubation and Þeld-emergence processes; of those bees, the number of females that established at the nesting sites was 25Ð100%. Of the three Þeld sites, one site consistently retained more females and produced more completed nests than the other sites, all of which usually had poor female establishment and progeny production. In addition, ßoral resources were depleted over time, but many ßowers remained unvisited over the season. Nest production decreased over time, as numbers of ßowers and female bees declined. SigniÞcant positive relationships were found between the intended stocking densities and 1) the number of females that actually survived incubation and Þeld emergence and 2) the number of females that established nests. The number of females that established nests was positively affected by the number of females that survived to emerge in the Þeld. The percentage of females that established was not signiÞcantly affected by the intended number of released bees, countering a prediction that the release of fewer bees would allow more females to establish nests and achieve high reproductive success. For growers, it may be more frugal to use modest numbers of M. rotundata for pollination, because many of the bees at medium and high stocking densities do not nest in grower-provided bee boards.
The pollination of alfalfa, Medicago sativa L. (Fabaceae), for proprietary seed production is accomplished primarily by the release of commercial stocks of alfalfa leafcutting bees, Megachile rotundata (F.) (Hymenoptera: Megachilidae). However, populations of nonnative M. rotundata are not sustainable for use as alfalfa pollinators in the United States. To fulÞll their pollinator needs, many alfalfa-seed producers rely on M. rotundata production in Canada, where the bees are able to increase in population numbers, and bee managers are able to maintain healthy bee stocks (Pitts-Singer and Cane 2011). M. rotundata populations reared in the United States are not always replaced through reproduction at commercial nest sites because of immature mortality caused by chalkbrood disease, pollen ball syndrome, natural enemy attack, and other unknown reasons. Additional losses can be attributed to migration of released adult bees from commercial nesting sites, summer emergence of adults (second-generation bees), and lethal and sublethal pesticide doses used to safeguard the crop from arthropod pests (Pitts-Singer 2008, PittsSinger and Cane 2011) .
Per standard recommendations for managing bees for alfalfa-seed pollination, domiciles are erected in Þelds where artiÞcial nest holes in boards, i.e., bee boards, are provided for the bees. Screened trays of bees from which incubated males bees are already emerging are placed in the domiciles as soon as female emergence ensues. The trays are opened so that bees can freely ßy away into the blooming Þeld, forage, and initiate nests in the materials provided. The female bee creates a linear series of cells in the holes and provides nectar and pollen in each cell for the developing larva. The bees nest for 8 Ð11 wk of the summer, and bee boards are gathered after nesting ceases in late summer for postseason management. Boards are processed by removing the bee cells with specialized extraction equipment, and loose cells harboring prepupae (Þfth instars in cocoons) are stored over the winter (4 Ð 5ЊC). Bees are incubated (29 Ð30ЊC) approximately 3 wk before, when alfalfa bloom is Ϸ25%. Adult males begin to emerge in Ϸ17 d and females in Ϸ21 d after the onset of incubation (Pitts-Singer 2008) .
Currently, alfalfa-seed growers apply 100,000 Ð 150,000 bees per ha (40,000 Ð 60,000 bees per acre) to set a good seed crop, and alfalfa-seed yields in the United States can be higher than 1,300 kg/ha (1,200 lb/acre) (Pitts-Singer 2008, Pitts-Singer and Cane 2011) . Unfortunately, there appears to be a trade-off between alfalfa-seed yield and M. rotundata reproduction (Strickler 1996) . Previous studies of M. rotundata density in Þeld cages revealed that high bee densities have signiÞcant negative effects on reproduction Roitberg 2006b, Pitts-Singer and Bosch 2010) , although such studies of bees in a cage may not satisfactorily explain what occurs in open Þelds where actual densities at domiciles may be reduced when some bees disperse to use other resources beyond the alfalfa Þeld boundaries (OÕNeill et al. 2004 ). Other studies have investigated bee density and ßoral resources in commercial alfalfa seed Þelds, but they stopped short of intentional manipulation of bee or ßoral resource densities (Goerzen et al. 1995 , Strickler and Freitas 1999 , Bosch and Kemp 2005 .
An understanding of the optimal M. rotundata stocking density would help to create a sustainable system in which bees are released into a Þeld to pollinate a crop and at least a 100% return of pollinators in the form of progeny is obtained. One of the Þrst steps toward determining the optimal density of bees to release is to determine how many of the bees placed in domiciles emerge from overwintering cocoons and how many of the adult female bees remain at the Þeld sites to reproduce. The basic objectives of this study were to determine 1) the difference between the numbers of females that emerged at the domiciles and the numbers that remained there after emergence (i.e., the "established females") and 2) whether the number of established females and their nest production are limited by ßowers and nest site availability over the ßight season. Because U.S. bee stocking densities are often up to 45,000 Ð 60,000 bees per acre, our density treatments were deÞned as high (45,000 or 50,000 bees per acre), medium (30,000 bees per acre), and low (15,000 bees per acre). High stocking densities were predicted to create local competition for resources and therefore low bee retention and reproduction compared with other treatments.
Materials and Methods
Study Sites. Three alfalfa seed ÞeldsÑWellsville (WV), Richmond (RM), and Cache Junction (CJ)Ñ were established alongside nonblooming alfalfa-hay Þelds (30 Ð50 acre) by sowing seed at a rate of 1.5 lb/acre with Ϸ1 m between rows in spring 2007 at farms belonging to the Utah State University Agricultural Experiment Station in Cache County, UT. The measure of acre is used rather than hectare because of the convention of using suggested numbers of bees per acre for U.S. alfalfa-seed production. Fields were separated by at least 22 km and were situated off of main roads, and sites had no prior history of use for alfalfaseed production. Other crops grown on the farms were not insect-pollinated crops (e.g., wheat, Triticum aestivum L.; beans, Phaseolus vulgaris L.; and corn, Zea mays L.), although sparse ßowering weeds occurred along roadsides and ditches at all sites, and around railroads at Cache Junction and Richmond. The Wellsville Þeld encompassed 5 acres, the Cache Junction Þeld encompassed 6.4 acres, and the Richmond Þeld was originally 1.3 acres. The alfalfa stand at Richmond was reduced because of an herbicide overspray in one year and heavy weed and meadow vole invasion in another year.
Solid plywood bee domiciles (Ϸ1.2 m deep by 2.4 m wide by 1.8 m high) were erected at the western edges of Þelds so that their openings faced the alfalfa and were oriented in a southeast direction as is common practice (Richards 1984 , Frank 2003 . Enough commercial Megablock bee boards (Beaver Plastics, Acheson, AB, Canada), made of polystyrene and each having 3,540 holes, were housed in the domiciles to accommodate approximately two holes for every female bee that was in the intended release population. The intended number of females was known from the observed sex ratio of the bee stock (see Bee Management, Estimations for Actual Release Numbers, and Sex Ratio). The boards were placed perpendicular to the back walls of the domiciles and were spaced far enough apart so that a person or video camera could gain visual access to the faces of the boards; this spacing was wider than is normal practice. Therefore, the number of domiciles used for each Þeld changed depending on the number of bee boards needed to accommodate the assigned number of intended females released, and allowed for space between boards for observations. This study was conducted each summer from 2007 to 2010.
Bee Management, Estimations for Actual Release Numbers, and Sex Ratio. Chalkbrood-free stocks of M. rotundata were purchased each year from Canada (Mennie Bee Farms, Parkside, SK, Canada) and reared using standard protocols (Richards 1984 , Frank 2003 . The bees were shipped during the winter and held at 4 Ð5ЊC until they were incubated. Approximately 1 mo before mass bee incubation, a 500-cell sample from the wintering stock was x-radiographed to determine the percentage of live prepupae and to remove any dead or parasitized cells. This sample was then heated in a laboratory incubator (29ЊC) to stimulate emergence of adults, so that percentage of mortality and sex ratio could be determined. Incubation of the whole stock of bees for the study was performed in a trailer outÞtted for controlling temperature and was initiated for half of the bees at 21 d before the time when alfalfa bloom was estimated to be at 25% (range for all years, 26 JuneÐ1 July) (Alan Evans, personal communication); the other half of the bees were incubated approximately 1 wk later (range for all years, 5 JulyÐ17 July). Bees were divided into incubation trays so that the appropriate number of bees could be released according to assigned bee densities (low, medium, and high) for each Þeld ( 27Ð32ЊC ), but the warm temperatures that the bees experienced were adequate to ensure that the bees would emerge in time to be released in the Þeld shortly after the onset of alfalfa bloom. In 2009, bee emergence was ahead of alfalfa bloom because of cool wet weather; therefore, bee trays were moved to a 10ЊC incubator for 1 wk to slow emergence and returned to the incubating trailer to complete emergence. Males emerged before females, and once females were seen in the trays, the trays were taken to the Þelds in the early mornings (Ϸ0700 hours MDT). Trays were afÞxed above the bee boards in the domiciles, and the screen lids were removed to allow bees to ßy out; trays were left in domiciles for up to 2 wk to ensure that all bees had a chance to emerge and leave. Except in 2010, at the time of bee release, HOBO data loggers (Onset Computer Corp., Bourne, MA) were mounted in the top of the inside of at least one domicile per Þeld to record temperature and humidity throughout the bee nesting season. Two weeks after the second set of bees had been released, samples of cells from each incubation tray were taken and pooled by domicile, so that 600 cells from each domicile for each bee release could be analyzed to determine how many cells had been vacated and how many bees had died in cells as prepupae, pupae, and adult males or females, or how many cells were empty because of emergence of parasites. Using these data and those from the early incubated sample of bees, the estimated number of male and female bees that survived and therefore were the actual released number of bees could be calculated as follows: B A ϭ propB E ϫ B I , where B A is the estimated number of live adults that actually survived the incubation and developed to adulthood to emergence and leave the trays, propB E is the proportion of the 600 bee cells examined from which bees emerged in the Þeld, and B I is the number of estimated live cells that were initially incubated for release. Multiplying B A by the known proportion of females from a sex ratio analysis yielded the estimated number of females that were actually released (emerged) into the Þeld (Table 2) . Before seed harvest (range for all years, 1 SeptemberÐ17 September), bee boards were removed from the Þelds and stored in a ventilated trailer at ambient temperatures.
Estimation of Floral
Resources. An estimation of the total open ßowers in a Þeld over the season was needed. Before the Þrst release of bees, a ßower count was conducted in 0.1-m 2 quadrats at an approximate spacing of 10 quadrats per ha (four quadrats per acre) in the Þeld, so that ßowers per area, but not per plant, could be estimated. Flower counts were conducted after bees were released into the Þelds weekly at Ϸ1400 hours MDT. Counts (numbers) of 1) racemes, including racemes with buds, open ßowers, and closed (wilted) ßowers; and 2) open ßowers on a subset of racemes (n ϭ Յ40, divided as evenly as possible among four subsets within a quadrat), classiÞed as tripped (pollinated) or untripped (i.e., with nectar and pollen available as a bee resource), also were determined. Racemes with only buds or closed ßowers were considered to have zero open ßowers (for count 2), but they were still included in the counts for number of racemes in the quadrat (for count 1). By the late afternoon, most ßoral resources were assumed to have been depleted, and the open ßowers represented resources that would be available for the following dayÕs foraging.
For each Þeld, the average number of open ßowers per quadrat was determined. For some quadrats, however, the number of racemes in a quadrat was Ͼ40; therefore, open ßowers for some racemes were not actually counted and had to be estimated. To obtain the number of ßowers in such cases, the following calculation was used: estimated open ßowers in a quadrat ϭ number of open ßowers counted ϫ number of racemes counted in the quadrat/40 (the number of racemes actually examined).
The number of open ßowers (and tripped or untripped ßowers) estimated to be present in the Þeld for each sample date was calculated as follows: estimated ßowers per acre ϭ average number ßowers per quadrat ϫ Þeld size. Quadrat and Þeld size were converted to the same units so that ßowers per acre could be reported.
Estimation of Bees Using Nesting Site and Plugged Nests. At night, bee board holes along a diagonal transect across the face of each board were investigated with the aid of an otoscope (Welch Allyn, Skaneateles Falls, NY), alternating the pattern of hole examinations between the top left to bottom right and bottom left to top right, to count the following: 1) males and females in the holes (with or without a nest), 2) partially Þlled nests without a bee, 3) empty holes without a bee, and 4) plugged nests. The Þrst date on which holes were observed to have bees newly emerged from them was recorded as the date when second generation bees had begun to emerge. The counts of bees and nests allowed for extrapolation of data for nesting dynamics and bee populations over time. The total number of females, males, plugged nests, partial nests, and empty holes was calculated as follows: number in domicile ϭ number counted in holes examined ϫ total number of holes in board/ number of holes actually examined. Observations of Nesting Behavior. Once per week, bee activity was video recorded at one domicile in each Þeld for up to 1 h at Ϸ1400 Ð1600 hours MDT. One camera per Þeld was focused on a board in the center of a domicile where bees were nesting. Observations were recorded for a board area with Յ500 holes (range, 35Ð500; low numbers of holes sampled were because of many holes already having been plugged). The videotapes were reviewed to record the duration of foraging trips of Յ39 individual female bees and any aggressive interactions among them (none recorded).
Statistical Analysis. Generalized linear mixed models (GLMMs) with negative binomial distribution and log link function using a maximum likelihood estimation in PROC GLIMMIX in SAS version 9.2 (SAS Institute, Cary, NC) were used to evaluate the effect of the intended number of bees for release on the Þelds on 1) the actual number of female bees released in the Þeld and 2) the number of females per acre that established at the nesting sites. Similarly, GLMMs were used to analyze the response of the number of females per acre that established at the nesting sites to the actual number of female bees released in the Þeld. Using a binomial distribution, GLMMs were used to test for the effect of the intended number of bees released on the proportion of females that established out of the actual females that entered the Þeld. For all GLMM analyses, the intended number of bees and the actual number of females released were treated as Þxed effects as appropriate, and year and Þeld were treated as random effects (Gbur et al. 2012) . (Table 2) .
Results

Estimated
Estimation of Bees Using Nesting Site. The calculations of the actual number of bees that emerged from cocoons and left the incubation trays revealed a range of 46 Ð79% adult survival (Table 2) . Therefore, for each year, the number of bees actually released into the Þelds was much lower than intended, often causing the actual number of bees in medium and high treatments to be closer to one another in number than intended. The actual number of bees in the low treatment was usually approximately half as many as in the medium treatment, as intended. The resultant numbers of females that survived to emerge in the Þeld were similar to the numbers of emerged bees (males ϩ females) ( Table 3 ). Calculation of the numbers of females from the night counts of bees in holes revealed the numbers of females per acre that established nests in the Þeld (Table 3) .
The number of released M. rotundata females per acre was positively affected by the intended number of released bees (F ϭ 77.8; df ϭ 3, 3; P Ͻ 0.002) (Fig.  1) . It follows that the number of established females per acre also was positively affected by the intended number of released bees (F ϭ 102.6; df ϭ 3, 3; P ϭ 0.002) (Fig. 2) . In addition, the number of established females per acre was positively affected by the actual number of females released (F ϭ 30.54; df ϭ 1, 5; P ϭ 0.003) (Fig. 3) . However, the percentage of females that established out of the actual The number of established females was based on the highest number of female bees recorded out of all weekly night counts during the study period.
females that entered the Þeld was not predicted by the intended number of released bees (F ϭ 0.08; df ϭ 2, 2; P ϭ 0.929) (Fig. 4) .
The number of plugged nests per acre of available alfalfa (i.e., Þeld size) from night counts over the ßight season revealed an accumulation of completed nests over time, but a decrease of net plugged nests usually occurred in the last 3Ð 4 wk of the season (Figs. 5Ð7 and  8D ). The decrease in plugged nests coincides with the emergence of the summer generation of bees. Continued increases in plugged nests despite any emergence of second generation bees were seen in the Richmond Þeld in all years (Figs. 5Ð7 and 8D).
Complete counts of the plugged nests from all boards after they had been removed from the Þeld also showed that the Richmond Þeld always had the highest percentage of holes Þlled and that the Wellsville Þeld had the lowest percentage of Þlled holes, except in 2010 (Table 4) . . In all years and Þelds, the estimated number of female bees per acre could not be sustained at the highest level for Ͼ1 wk and usually was recorded for the Þrst night count of bees after the second batch of bees was released.
Observations of Nesting Behavior. Foraging trips included those for leaf pieces and pollen, but some loads were undetected or not recorded. More bees were present for scoring earlier than later in the season so that the range of female bees observed on video was 2Ð38 (Figs. 5Ð 8 
Discussion
Despite the information gathered in this study, it remains difÞcult to recommend with conÞdence how many bees a grower should release in an alfalfa seed Þeld to obtain a sustainable bee return while producing a seed crop. This study revealed not only that the number of bees released in the Þeld fails to accurately represent the number of bees providing a pollination service but also that some Þelds can be more conducive to bee retention and reproductive success than others. Examining components of M. rotundata management revealed some aspects of the complexity of this pollination system.
Most bee managers would expect that some bees in a commercial bee population will not survive and that the population sex ratio will be inconsistent between bee stocks. The variability in these factors is not easy to determine. Over the 4 yr of this study, the mortality of bees purchased in the winter was determined to be up to 20%. This percentage is within the range of a previous report of the overwinter survival of bees from Canada (Pitts-Singer and James 2005). These bees are sold according to either a "bee gallon" that equals 10,000 live bees or the number of live bees per pound. A grower then calculates the number of gallons or pounds of bees needed for release based on the desired (or affordable) stocking rate, e.g., 4.5 gal/acre. If a grower does not know the population sex ratio, then the grower may assume a 2:1 male to female ratio so that 1.5Ð2 holes per female can be provided when supplying bee boards in the Þeld. In this study, a different sex ratio was found each year, and in two years the sex ratio was Ͼ2:1. A previous study reported that the average sex ratio of M. rotundata stocks is Ϸ1:1 in the United States but is closer to 2:1 and sometimes higher in Canada (Pitts-Singer and James 2005).
Through assessment of the preincubation (overwinter) bee mortality and also of mortality attributed to the incubation and release processes, the actual number of bees that survived to successfully emerge at the Þeld domiciles could be estimated. The number of the most valuable pollinators, the female bees, could then be estimated using the known sex ratio. The survival of adult bees through these processes in this study was Ϸ50 Ð 80%, with the lowest survival in all Þelds occurring in 2009. Pitts-Singer and James (2005) reported the average survival of adult bees from Canada in commercial conditions to be Ϸ80%. The survival in our study was lower than this average, and this cannot be explained by any known management problems or environmental factor. Overwinter mortality may be inßuenced by the managed temperature and humidity conditions endured by the bees in the fall and by the duration of wintering. In one study, M. rotundata prepupae chilled in November or December and then incubated in late May thrived better as adults than bees kept for longer periods in winter storage (Pitts-Singer and James 2009). The complete prewinter and winter conditions for the bees in this study were not known, but they could explain some of the emergence mortality during incubation and release.
The large discrepancy between the number of bees intended for release and the number of bees estimated to actually have ßown out in the Þeld was surprising. There was a signiÞcant relationship between the number of bees intended for release and both the actual number of females that survived to emerge and the number of females that established nests. The actual number of females released and the number of females that established nests also were signiÞcantly related. Thus, when the intended release rates were higher, more bees were found to have survived the management processes and more females lived to establish nests. However, intended stocking densities of 50,000 bees per acre never resulted in Ͼ38,400 actual bees surviving for entering the Þeld, or more than Ϸ9,000 females establishing at any site. Furthermore, in all but one case, the retention of bees in one Þeld (Richmond) was always high, regardless of intended stocking density. In 2008, all Þelds ended up with similar numbers of bees, although each stocking density treatment was represented. The percentage of females that established out of those that actually survived did not have a signiÞcant relationship with the intended number of bees released. Thus, an unfulÞlled prediction was that fewer females released in a Þeld would ensure abundant resources for allowing an increase to the proportion of females retained and for optimizing their reproductive success.
The estimation of ßoral resource availability over the study period provided both expected and unexpected results. Annual variation in ßoral abundance is known to occur in an alfalfa Þeld under similar management practices (e.g., Pitts-Singer and Bosch 2010), undoubtedly because of environmental conditions, age of the stand, and pest pressure. In this study as in other Þeld studies Freitas 1999, Bosch and Kemp 2005) , the number of open ßowers decreased soon after bees were released in the Þelds, and the number of bees declined after up to 2 wk in the Þeld. As evidenced from counts of ßowers before bee release, the timing of bee release usually coincided with peak bloom, except for the Wellsville and Richmond Þelds in 2008, when ßoral resources did not peak until the middle of the nesting season. Observations of bees and ßowers over time were expected to show that bee foraging quickly diminishes the number of ßowers in the Þeld, because once alfalfa ßowers are tripped, plant resources are diverted from ßower production to seed maturation (Strickler 1999, Strickler and Freitas 1999 Thus, open, untripped ßowers were always available while bees were nesting, although the ßower numbers were very low at the end of the season. As expected, low ßoral resources often matched an increase in bee foraging times. The production of plugged (completed) nests served as a general measure of bee reproductive success in these Þelds. The Richmond Þeld had the greatest density of plugged nests over the season, and the accumulation of new plugged nests continued to increase until the end of the study period. Because this Þeld always had the greatest number of established females per acre, the greatest nest production was expected and observed. In 2008, the number of ßowers in this Þeld was low compared with that of other years, and the number of plugged nests was found to reach a plateau similar to the Cache Junction and Wellsville Þelds. Also, in 2008, Richmond had an intended low stocking density that was reßected in the lowest number of established females for this Þeld.
Interpretations of the reciprocal effects of bees and ßowers on each other are complex, but the effects of limited ßoral resources on progeny production and sex ratio are apparent. More females or larger progeny can result from access to abundant resources for ßower-feeding bees (Kim and Thorp 2001 , Bosch and Vicens 2005 , Bosch 2008 ). If resources are limited, one might predict that high numbers of foraging female bees would result in high intraspeciÞc competition and longer ßight distances to Þnd resources that would inhibit optimal reproductive success (Peterson and Roitberg 2006a,b; Zurbuchen et al. 2010) . Under the same conditions, low numbers of females may increase per bee productivity, because of the abundance and closeness of resources. The data from this study do not offer any clear evidence to support such conclusions. For instance, in 2008 the number of established females was nearly equal at each Þeld, and the ßower resource availability varied differently across Þelds and time, yet the number of plugged nests was equally low for all Þelds. In 2010, counts of plugged nests at the Richmond Þeld rivaled that of nest numbers at the Cache Junction Þeld by the end of the season, although ßoral resources at the Richmond Þeld were much less than those of Cache Junction and the number of established females was nearly equal between the two Þelds. In 2007 In , and 2009 , the number of established females retained at the Cache Junction and Wellsville Þelds was remarkably similar, regardless of the intended release number or the ßoral resources observed.
Another limiting factor to consider for reproductive success is competition for, or lack of, nesting sites. In this study, the count of plugged holes in boards showed that, in all years in the Wellsville and Cache Junction Þelds, Ͻ50% of the holes contained completed nests. In these Þelds, nesting sites clearly were not limited. At the Richmond Þeld, 58 Ð96% of the holes were Þlled, and competition for nesting sites may have occurred but did not appear to hinder nesting success. Yet, no Þghting for nest holes was ever observed on the video recordings at any Þeld site. Such a result concurs with the current management protocol of providing about two holes per female when considering the number of bee boards to provide in the Þeld.
Conclusions drawn from studies in Þeld enclosures have shown how resource limitation leads to a reduction in reproductive success (Kim 1999 , Peterson and Roitberg 2006a , Pitts-Singer and Bosch 2010 ), but such results may not be applicable to real-life situations. In enclosures, bees cannot escape to areas where more or alternative resources are available. As with the Richmond Þeld, conditions in some locations may simply be more conducive to bee retention and reproductive success than others because of environmental conditions or proximity to other resources. Although alternative forage and nesting habitats were not apparent at the sites of this experiment, the slightly higher humidity and lower temperature at Richmond may have played a role in providing better bee conditions than at the other Þelds. For the purpose of achieving a better understanding of optimal M. rotundata stocking density, the Þnding that one study site is inexplicably better than others is disappointing and calls for further research.
Nonetheless, one important implication for commercial management can be drawn from this intensive study. The actual number of bees that survived and established on a Þeld was always far smaller than the intended number. In all but one example (in Richmond Þeld 2007), two of the four intended releases of 30,000 bees per acre resulted in nearly the same number of established females as in the 50,000 bees per acre treatments. When prices of bees are high, it may be frugal to use a lower stocking density. However, more work should be performed to discover why some sites, such as the Richmond Þeld, provide better support for bees than others. More in-depth studies of the destinies of progeny produced in Þelds according to bee stocking densities also are warranted. Furthermore, evaluation of bee performance as in this study should be done on a commercial scale to examine how bee release and retention can impact crop yield and to conÞrm that application of relatively high numbers of M. rotundata does not necessarily provide an advantage to crop and bee production. their combined efforts over the years in setting up and executing this experiment. I thank the Utah State University Þeld managers who managed the irrigation and general care of the Þelds. I also thank statisticians Susan Durham and Mark West for advice in project planning and results analysis. I appreciate critical and helpful manuscript reviews by Derek Artz, James Pitts, Casey Delphia, Robert Danka, and an anonymous reviewer whose comments and suggestions were very valuable. Field consultant Alan Evans provided extremely valuable advice, information, and sweat for execution of this work. This study was supported in part by Forage Genetics International (Trust Fund Cooperative agreement 58-5428-8-418).
